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Yb3* Doped Fluoride Phosphate-Glass

Otto-Schott-Institute
for glass chemistry, Jena, Germany

Ytterbium doped fluoride phosphate glass
(Yb3+FP20 glass)

225—————— g
= Reciprocity method

2,00¢ = -(ichtbauer-Ladenburg|

Yb3+: 8* 1020 Cm-3 _ 1757 1 Apsorption )
An < 10% 5 150
. i § 1,25
fluorescence life time 1.4 ms 2 1 ool
saturation fluence 44 J/cm? % 0,75|
J [
damage threshold 5 J/cm? 0,50|
0,25

small quantum defect 0,00
quasi-three-level laser medium

Wavelength [nm]
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The Pump Source — 940 nm Laser Diodes

7250 high power
laser diodes stack JENA

? fast axis — collimation LASERDIODE

beam compaction

beam shaping

JENOPTIK
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TOPFERSHEIN
R
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Diode Driver and Diode Life Time

pulsed diode driver:

e  stabilized rectangular pulses
e 250Aand 60V

e 80 ps rise and fall times

e 4 channels Jena, Germany
e computer controled via CAN

100" 10M pulses 3oM 40M
life time test: E ] T
360 | -
170w =P '
280 | -
2 240 |- =
% oo | 3 years :
o
!GZ) 160 |- ]
v 120 |- ] —
s | one diode bar :
oL | 180 A, 2 ms, 10 Hz )
0o,o | 10,0 200 time fcliays]. 4(;,0 | 5{5,0
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POLARIS Outline

Network Server
beam diagnostic
experimental control

1.5

Ring-Amplifier (A2)
3 mJ 1 Laser-diode-stack: 4 J

Regenerative Amplifier (A1)
2 Laser-diode-bars: 100 mJ]

Stretcher Oscillator
100 fs =2.5 ns

Multipass-Amplifier (A3)
100 mJ 8 Laser-diode-stacks 40 J 20 ]
v v

Multipass-Amplifier (A5)
20J 240 Laser-diode-stacks 1.4 kJ

Multipass-Amplifier (A4)
40 Laser-diode-stacks 240 J

200 ]

Compressor Compressor
2.5ns =150fs  2.5ns =150fs

e 1 PW
v
Target Target
0.1 Hz 0.033 Hz
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Pulse Stretcher

angle of incidence: 60°
number of passes: 4
clipping: 32 nm
stretching: 140 ps/nm
efficiency: 30 %

roof
mirror

corner
cube

8" plane Grating: 14",

mirror 1480 lines/mm 16" spherical mirror,

ROC = 2m
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POLARIS Al and A2

Network Server 5 Multipass-Amplifier (A5)
beam diagnostic 0J 240 Laser-diode-stacks 1.4 kJ
experimental control

Multipass-Amplifier (A4)

1.5J 40 Laser-diode-stacks 240 J

200 J
Multipass-Amplifier (A3)
8 Laser-diode-stacks 40 ] 20 ]

~

Compressor Compressor
2.5ns =150fs 2.5ns =150fs

Ring-Amplifier (A2)
1 Laser-diode-stack: 4 J

Regenerative Amplifier (Al) 100
2 Laser-diode-bars: 100 mJ] 1 PW

KTW/‘-
Stretcher Oscillator Target Target
100 fs =2.5 ns 0.1 Hz 0.033 Hz
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M2

/ Pockels cell
A4

L1 I
Pump Laser spherical M1
Diode 940nm 1/0 hole mirror
Pockels cell

g

M2

achrom.
lenses

I/0 Yb:FP I
M1 cyl. lens

POLARIS Amplifier A1 and A2

Al (regenerative)

stable 1790 mm cavity with 400 um waist
120 mJ pump energy (in 2.6 ms)

Gain 10”7 (100 round trips)

13 nm output bandwidth

3 mJ output

A2 (regenerative)

stable 4 m ring cavity with 1.8 mm waist
4 ] absorbed pump energy

Gain 35 (30 round trips)

12.5 nm output bandwidth

100 mJ output

Pump Laser
Diode Stack
4] @ 940nm
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POLARIS A3

Network Server
beam diagnostic
experimental control

20N

Multipass-Amplifier (A3)
100 mJ 8 Laser-diode-stacks 40 J

Ring-Amplifier (A2)
3 m] 1 Laser-diode-stack: 4 ]

Regenerative Amplifier (Al)
2 Laser-diode-bars: 100 mJ

Stretcher Oscillator
100 fs =2.5 ns

Multipass-Amplifier (A4)
40 Laser-diode-stacks 240 J

Multipass-Amplifier (A5)
240 Laser-diode-stacks 1.4 kJ

200 J

20 ]

Compressor Compressor
2.5ns =150fs 2.5ns =150fs

o 1 PW
V
Target Target
0.1 Hz 0.033 Hz
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. A3 — Setup

12 pass amplifier

faraday rotator

telescope

C—— \ In
J <

TFP
lens lens
Pump Laser
\ Diode Stack

M / 5] @ 940nm
bended -
mirror
achrom.
3‘ ] \ lenses

TFP

TFP

/M17~/4

f
bended

mirror

&.
e
‘ /6 mm beam diameter ) *

-12-  J.Hein "POLARIS" 31 [nternational Workshop HEC-DPSSL e Livermore o 17.05.2006 m.s




POLARIS A4

Network Server
beam diagnostic
experimental control

20]

1.5 )

Multipass-Amplifier (A4)
40 Laser-diode-stacks 240 ]

Multipass-Amplifier (A5)
240 Laser-diode-stacks 1.4 kJ

Multipass-Amplifier (A3)
100 mJ 8 Laser-diode-stacks 40 J

Ring-Amplifier (A2)
3 m] 1 Laser-diode-stack: 4 ]

Regenerative Amplifier (Al)
2 Laser-diode-bars: 100 mJ

Stretcher Oscillator
100 fs =2.5 ns

200 J

Compressor Compressor
2.5ns =150fs 2.5ns =150fs

o 1 PW
V
Target Target
0.1 Hz 0.033 Hz

-13- J.Hein "POLARIS" 31 International Workshop HEC-DPSSL e

Livermore « 17.05.2006 m.s



18 mm beam diameter
10 pass (G=20)
30 m beam path

240 J pump energy

A4 — 20 J Amplifier

single pass gain g=1.35

lens

|half wave plate

lens vacuum
I —
i —
telescope

?Gdcpﬁve mirror

CCD lens
Wi
—— ..
- ——
1 m 20 stacks
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- lens ring lens ring -~

Yb glass

faraday rotator

® TP_

—® :’, —

TEP periscope
} h_g_i

20 stacks

@

19—
2 —l

lens

i
i CCD
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A4 — 20 J Amplifier
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. POLARIS A5

Network Server

beam diagnostic 20

Multipass-Amplifier (A5)
240 Laser-diode-stacks 1.4 kJ

experimental control

1.5 )

Multipass-Amplifier (A3)
100 mJ 8 Laser-diode-stacks 40 J

Ring-Amplifier (A2)
3 m] 1 Laser-diode-stack: 4 ]

Regenerative Amplifier (Al)
2 Laser-diode-bars: 100 mJ

Stretcher Oscillator
100 fs =2.5 ns

Multipass-Amplifier (A4)
40 Laser-diode-stacks 240 J

200 J

20 ]

Compressor Compressor
2.5ns =150fs 2.5ns =150fs

o 1 PW
V
Target Target
0.1 Hz 0.033 Hz
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A5 Laser Amplifier - Data

Energy per pulse 1.4kJ (@26ms)
No. of diodes 6000 (@ 940 nm)
No. of diode stacks 240

Emitting area 2.5 m?

Pumped area 2 x 11 cm?
Diameter Yb:glass 50 mm

Pump intensity 50 kW / cm?
Weight of pump optics 56 kg

Weight of diode stacks 800 kg

Acceptance angle - laser (full
width) 22.8°

= g Dimension (Hx W x L) 24x24x19ms
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240 Thoric. Lenses
240 Turning Mirrors’ -
- 480 Motorized Axis

60 Diode Drivers — 4 outputs
Control System

Laser-Optics

Adaptive Mirrors

Beam Line
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A5 — Two Phases

Phase 1:
120 stacks (700 J)

50 mm beam size
7/0mmglass =
diameter -

Phase 2: .
240 stacks (-

diameter -
10 pass (gain 10)
200 J output energy
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A5 Laser Amplifier
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A5 Laser Amplifier - Pump optics prototype

/-,ﬂ—\)'\ . A

\ ”"”3?\\ § ﬂ/— o
e ‘?U =  / 7 v
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. A5 Laser Amplifier - Signal flow chart

5 Mirror segment - electronics

o R W

CAN-BUS

+5V (max)
Q

-
C — 1uF [ B
oD 100nF —{— =
n O ) N TLV 2451 )
o : Signal AN =)
_ 0.5v LD =
A I N L - .

le

DC Motor x
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A5 Laser Amplifier - Pump Profile Optimization
Interface

E optimizer.vi T| Figure No, 1 - |EI |i|

Fle Edit Cperate Tools Browse Window Help File Edit Tools  Window  Help
=I0m De@da "Aar/ oo
500
400
RiNg1+2
a4 ) Ring3+4 200
Operation Cam watches from ' 200
Load Mew Profles optimize inner area  Optimizaton oo
dore rotate Carm (%) 200 400 600
= do
! A4 Pump Profile Gptimizer | Camera position|
initial path v Pump Profile A4
% C\DateniPetawatt A AAPUMPPTofit08-05- 12Ring 1+ 2 = 600+ ~1023
Ngmber of LD Stack Mo of LD Sta(\:ks on the outer ring 500- =
j ’20_ ) ’10— PIotEelauneg‘a i
Giass radis (Pix e@f?‘ss Radius (mm) Eump radlius {mm) YEs 400~ %
' fEm CEm > 300-
Camera x- Center step it () Plot yectors 0
do | g0 | ‘ yes 400
\Camera - Center (Fixels) Matlab status 100-
do | ® o
pump radius (Fixels) 0 100 200 300 400 500 600 700 BOO
135 Main Optirnization RoLine| %
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Summary

New labs completed

N | i
Vavuum system partly installed in lab 1 |

A1-A4 installed in lab 3

A5 pump delivery construction completed

part of A4 output compressed with a tiled
grating compressor in air to 145 fs

-
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